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INFORMATION CIRCULAR 


UNITED STATES DEPARTMENT OF THE INTERIOR ~ BUREAU OF MINES 


A STUDY OF EXPLOSIVES ACCIDENTS REPORTED TO THE 
NATIONAL SAFETY COMPETITION, 1925-352/ 


By W. J. Fene2/ 
INTRODUCTION 


A comprehensive study was made by S. P. Howell, explosives engineer, 
Federal Bureau of Mines, to determine the factors responsible for explosives 
accidents reported to the National Safety Competition during the ll-year 
period 1925 to 1935; 819 explosives-accident reports were reviewed by 
Mr, Howell, and pertinent information as to causes and influencing factors 
was tabulated therefrom; unfortunately, Mr. Howell died before he could enmn- 
body his discussions and conclusions in a report. These tabulations are 
discussed, and in some instances recommendations are made for reducing the 
hazards connected with certain types of these accidents. These tabulations 
include all explosives eccidents reported by anthracite, bituminous coal, 
and metal and nonmetallic mines, and quarries and open-—cut mines entered in 
the competition, Many of the reports were incomplete and classification of 
certain factors in connection with the accidents was impossible. 


NATIONAL SAFETY COMPETITION3/ 


The National Safety Competition is conducted by the Bureau of Mines to 
arouse and maintain interest in safety in the mining and quarrying indus- 
tries, This objective is attained through the efforts of the competing 
companies and their employees to win first place in the competition and 
thereupon receive national recognition for their achievement. Indirectly 
the purpose of the contest — the advancement of safety in the mining in- 
dustry - is accomplished partly through studies by the Bureeu of Mines of 
the accident reports that the competing comvanies furnish to enable the 
Bureau to compute the accident rates on which determination of the winners 
of the contest is based. | : 


Since these annual contests were begun in 1925, the scope of the con- 
etition has been broadened materially as to number of plants participati 
1/ The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from Burcau of 
Mines Informetion Circuler 7048." 

2/ Mining engineer, Burecu of Mines Safety Division, Pittsburgh, Pa. 

3/ Adams, W. W., Lowrence, T. D., and White, D. R., The National Safety 
Competition of 1935: Rep. of Investigations 3308, Buresu of Mines, 


1936, 20 pp. 
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and number of man-—hours of exposure to accident hazerds. Moreover, merked 
prosress in the prevention of accidents has been achieved, as is indicated 
by -n almost constant downward course in the accident-frequency rates for 
the contest group as a whole during the lleyear period. On the other hand, 
the accident-severity rates for the group showed an uprard trend during the 
first part of the period and a downward trend during the last part. 


The statistics that constitute the basis for cetermining the winning 
companies and the relative standing of all companies are prepared uniformly, 
witnout regard to the States in which the companies operate or to differ— 
ences in classes of accidents covered by State laws relating to compensation 
for injuries resulting from industrial accidents. 


Bronze trophies, knovm as "Sentinels of Safety", are provided by the 
axplosives Engineer Magozine to be awarded annuslly by the Bureau of Mines. 
Five trophies are presentea each yeur, one to exch company that estadlishes 
the best accident prevention record in one of the five clesses ~ anthracite 
Mining, bituminous-coal mining, metal mining, nonmetallic minerel nining 
other then coal, end querryine or openepit mining - into which all companies 
are divided. The tropnies ere awarded for one calendar year and are then 
transferred to the winners of the succeeding year's contest. 


In determining the relative standing of the various companies enrolled 
in the competition, all mines and quarries are graded according to their 
accident-severity rates, that is, arcording to the number of days of dis- 
ability of employees on account of accidents in proportion to the number of 
man-hours of work done by all employees at the plant. Reports of accidents 
and of man-hours worked are furnished to the Sureau of Mines by the com- 
panies. These reports are examined and clessified carefully to insure . 
uniform weighting of accidents according to the number of days of disability 
to be charged and to insure uniformity of methods of ecnleulating the ac- 
cident-severity retes for the various mines ond quarries. ‘hen the relative 
standing of all plents has been determined, a sumaury of the records of the 
companies having the lowest acciaenteseverity rates in thcir respective 
groups is sent to the members of a committee of awards for oxamination in 
accordance with the rules soverning the sxfety contest. 


It has been shown that perticipation in the Nationcl Safety Competition 
stimulates interest in accident prevention, Many companies have entered 
the competition with this idea in view. Other companies enter the con- 
petition because of good p»st accident records and exnect to have a fair 
chence of winning the contest. Some compranics have withdreywn from the con- 
test before the end of the year because of an unfavorable accident record or 
the occurrence of a major disaster. As ea rule, the larger companies enter 
the competition because, on the whole, they are likely to have better ace 
cident records than smaller companies due to greater activities and more 
effective organization in accident-prevention work. Companies that are 
eligible and are interested in accident prevention are urged to enroll in 
the contest. 
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Rules Governing tne Award of trophies 


The rules governing the award of trophies in the National Safety 
Competition for 1938 were as follows: 


1. FIVE TROPHIES AWARDED: The bronze trophy "Sentinels of Safety" 
will be awarded for the best safety record established in 1938 

to the winning plant in each of five groups: (1) Anthracite mines, 
(2) bituminous-coal mines (includes lignite mines), (3) metal mines, 
(4) nonmetallic-mineral mines, (5) quarries or open-cut mines. 

This trophy will not be awarded outright but is to be retained by 
the winning company for a year and then transferred to the winner 
of the next year's contest. Honorable mention will be given to 
plants ranking second, third, fourth, and fifth in each group and 

to all plants going through the year without a lost-time accident. 
In addition to the trophy awarded to the company, each employee of 
the winning mine or quarry will receive a certificate of honor 
issued by the Bureau of Mines. 


2. HLIGIBILITY: Underground mines employing 25 or more men under- 
ground (rule changed from 1932) and quarries or open-cut mines 
employing 25 or more men in the pit. To maintain eligibility for 
the trophy the plant must be active at least 150 days; quarries and 
open=-cut mines having worked at least 30,000 man-hours inside the 
pit and underground mines at least 30,000 man-hours underground. 
Mines and quarries working a total of 30,000 man-hours are eligible 
for honorable mention, although they may not be eligible for the 
trophy because they do not employ 25 men underground or in the pit 
150 deys. : 


3. CONTEST PERIOD: January 1 to December 31, 1936. 


4, SCOPE OF CONTEST: The contest covers lost-time accidents and 
man-hours worked underground or in the quarry or pit, also at sur- 
face shops and yards, including crushing and screening plants at 
the mine or quarry or pit. The contest does NOT cover smelting, . 
ore-dressing, cement mills, limekilns, or stone dressing, nor does 
it cover breckers at anthracite mines. (See rule 5.) Office en- 
ployees, also, are not included. 


5. SEPARATE ENROLLMENT OF EACH PLANT: A separate enrollment ap- 
plication should be filed for each mine or quarry. A company may 
select one or more of its plants for entry in the contest. (For 
purposes of the contest, an underground anthracite mine 1s defined 
as an underground excavation and development — a single operating 
unit — with shafts, slopes, drifts, or tunnels for the extraction 
of anthracite coal; it includes all underground and surface 
operations under the mining company's control except those at the 
breaker, power plant, and boiler house and employees of independent 
contractors, not under the control of the local officials of the 
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mining company. An anthracite stripping operation is also defined 
as above except that the coal 1s mined from on open excavation 
instead of underground.) 


6. THE WINNERS: The winner in each of the above five groups rill 
be the mine or quarry having the lowest accident-severity rate, 
that is, the smallest loss of time from all fatal, permanent, and 
lostetime injuries per 1,0C0 man-hours worked. Should tvo or more 
plants heve no accidents causing loss of time, the trophy shall be 
awarded as stated in Rule 9. 


7. REPORTS REQUIRED: 


ae Accident reports: Competing companies agree to send to 
the Bureau of Mines a separate and full report of each lost—time 
accident. (A lost-time eccident is defined as one thet ceuses 
disability beyond the remninder of the day on which tne accident 
occurred. This elso covers injuries that do not incepacitate an 
employee for work until some time in the future; for example, as 
the result of infection.) All fractures or permanent injuries 
should be reported even if no time is lost; also, all temporary | 
injuries that prevent an employee from performing his regular 
duties, even though during convalescence the injured employee re- 
turns to lighter work, Companies mry use eccident report forms 
supplied by the Burecu of Mines or they mey send the Buresu a. 
copy of their reports to the State Commission or their insurance 
carriers, Hach accident report should show date of injury, date 
that disability begins, date of ability to resume work, and nun- 
ber of calendar days lost. In counting the number of calendar 
days lost, the day of injury should not be counted, nor snould 
the day of ability to resume work be counted unless disability . 
existed on part of that day, in which case the fact should be 
stated on the company's report of the accident. The plant's en- 
rollment or entry number should be shovym on each accident report. . 


b. Exposure reports: The number of man-hours of employ- 
ment or exposure should be revorted on forms supplied by the 
Bureau of Mines; this includes man-hours of exposure of service 
or maintenance-men or days when mine or quarry was not producing, 


c. Completeness and accuracy: Company reports to be sunm-. 
marized by the Bureau of Mines at the close of the year and that 


summary mailed to company, the company to certify same as to com- 
pleteness and accuracy and return same to the Bureau of Mines, 


8, WHEN TO SEND REPORTS: Accident reperts should be mailed to 
the Bureau of Mines, Washington, D. C., when the injured employee 


returns to work or when disability ceases. They may, if desired, 
be mailed to the Buresu at the close of each month. However, all 
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reports should be mailed before January 31, 1939, so that the 


winners of the contest may be announced early in the year. Com. 
pany vill estimate number of cays of disability if disability is 
expected to continue beyond January -31, 1939... Reports of man 
hours worked should be mailed monthly or whenever convenient to 
the reporting company. 


9. METHODS OF RATING: Mines and quarries will be rated accord 
ing to their accident-severity rates, that is, according to the 
number of calendar days of personal disability from injuries per 
1,000 man-hours worked by all employees (except office workers) 
at the mine or quarry and at the surface plant connected with the 
mine or quarry. Deaths and permanent disabilities are weighted 
according to the scale shorm in table 1. Temporary disabilities 
are weighted according to actual calender deys of disaoility, in- 
cluding Sundays, holidays, and days on which the plant was idle, 
if the injured employee was physically unable to work on those | 
days. The severity rete is obtained by dividing the total number 
of days of disability from accidents by the total number of man 
hours worked and multiplying the quotient by 1,000. If two or 
more mines or quarries have no lost-time accidents, the award 
shall go to the plant having the largest number of man-hours of 
exposure during the year, 


10. COMMITTER OF AWARD: The winning companies are selected by a 
Committee of Avard composed of seven members, identified with the 
mineral industry but not connected with the Bureau of Mines. 


ll. MISCELLANEOUS: ‘The dbove rules shall govern the contest dur- 
ing 1938. The rules for subsequent years nay be revised as ex- 
perience shows to be advisable. 


12. RECORDS CONFIDENTIAL: Records will not be pudlished in such 
avay as to reveal tne identity of an individual plant, unless the 
plant wins the trophy or is awarded honorable mention, in which 
case the record will be published as a credit to the company, ex- 
cept that outstanding safety records may be published for plants 
operating two or more years without lost-time accidents or with 
unusually low accident rates. 


13. DEFINITION OF ACCIDENT RATES: 


Frequency rate means the number of all injuries (fatal, per- 
manent, and temporary lost-time injuries) per million man-hours 
of exposure. 


Severity rate means the number of days of disability result- 
ing from all injuries (fatal, permanent, and temporary lost—time 
injuries) per thousand man-hours of exposure. 
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TABLE 1. - Seale of time losses for weighting deaths 


and permanent injuries so as to snow 


“. severity o injuries 


Degree of 
disability 
Nature of injury! in percent 
7 of perma- 
nent total 
, disabilit Deys lost 
SAU. vos dea terdiartisaen ceed ee eee re ere Kee ewe ee eres 100 0, 000 
Permanent total disability ....ccccccccccevecccecsree| 100 6,000 
Arm avove elbow, dismemberment or loss of use of .... iio lae 4,500 
Arm at or below elbow, dismemberment or loss of useof 60 3,600 
Hand, dismemberment or loss of use of ......0e0e- Bailie 50 3,000 
Thumd, dismemberment or loss of use of ......-- ree 10 600 
Any 1 finger, dismemberment or loss of use of........ 5 300 
2 fingers, dismemberment or loss of use Of ..ccececes 12-1/2 750 
3 fingers, dismemberment or loss of use of .......0-- 20 1,200 
4 fingers, dismemberment or loss of use of wececereee 30 1,800 
Thumb and 1 finger, dismemberment or loss of use of.. 20 1,200 
Thumb and 2 fingers, dismemberment or lcss of use of. 25 1,500 
Thumb and 3 fingers, dismemberment or loss of use of. 33-1/3 2, 000 
Thumb and 4 fingers, dismemberment or loss of use of. 2,400 
Leg above knee, dismemberment or loss of use of .....|- 75 4500 
Leg at or below knee, dismemberment or loss of use of. 50 3,000 
Foot, dismemberment or loss of use Of ...cecases Serer LO 2,400 
Groat toe, or any 2 or more toes, Cismemberment or 
NOSS Ol USC 200- wtahs tusbauaeateaek ore er er eer : a, 300 
1 toe, other than great toe, dismemberment or loss of 7 
USO: Ol 6.6665 Manoa tae wea w Fhe o.oo Caw doe SG Ras -— = 
Lye, LOSE“OOL- SION t. 426 6-0 eigG eee ae an ee aw ys bn sbeebs 1,800 
Both eyes, 1OSs:-Of SLEhb sock dees Mabie hiaadev ewes .6,000 


600 
O00 


d.Gar, LO66 Ot: Near Ine .6:5s.6 45 sass ed aca Soe bale Sete 
Eoth ears, loss of hearin @eeteenweeeeeveereoeeees 
lf Dismemberment means severance of any part of the bone. 


Temporary disabilities are weighted according to the actual nunber 
of calendar days of disability, including Sundays end holidays, as stated 
in Rule 9. Hernia is classed as a temporary disability to be charged 
with the actual number of calendar days during which the employee was un- 
able to work. | 
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EXPLOSIVES ACCIDENTS 


The dangerous nature of explosives makes them a potential hazard 
wherever they are used, but they are likely to have maximum harmfulness 
under the conditions inherent in mining. The ease with which explosives 
can be detonated and the suddenness and violence with which they detonate 
require great care in their handling and use if severe accidents are to be 
avoided. Since about the beginning of this century, and more particularly 
since 1910, a campaign has been waged by various agencies to educate users 
of explosives in their dangers and in their proper handling and use, and. 
this campaign has been especially active in connection with mining. 
Probably 95 percent of explosives accidents can be attributed to misjudg- 
ment, carelessness, and negligence or chance taking. These safety edu- 
cational campaigns have resulted in fewer explosives accidents, particu- 
larly coal-mine disasters caused by: explosives; however, accidents due to 
explosives continue to occur far to frequently, and it is evident that 
much is yet to be done in controlling the various factors that contribute 
to such accidents, the human factor being perhans the most important to 
reach effectively. 


Normally, about 10 percent of all fatalities in coal mining are caused 
by explosives accidents (excluding gas and dust explosions caused by ex~ 
plosives); aoout 12 percent of all fatalities in metal mining are so caused. 
A study of the accident records of the companies entered in the National 
Safety Competition from 1925 to 1935, inclusive, shows that in bituminous- 
coal mining 3.3 percent of the fatalities and 0.84 percent of the nonfatel 
injuries were caused by explosives; in anthracite mining, /.1 percent of 
the fatal and.1.1 percent of the nonfatal accidents were caused by ex-. 
plosivese Records of metal-mining companies entered in the competition | 
show that 16.8 percent of the fatal and 1.6 percent of the nonfatal ac- 
cidents were caused by explosives.. The frequency of fatal explosives ac- 
cidents in quarries and open-cut mines is also high, accounting for 17.6. 
percent of the fatalities from all causes. In nonmetallic mines explosives 
were responsible for 4.3 percent of, all fatal and 1.3 percent of all non- 
fatal accidents. The severity of explosives accidents is likely to be 
much greater than that of other types of accidents, a single accident 
often resulting in the death of two. or more men. 


Record of Explosives Accidents 


Table 2 gives the record of explosives accidents reported by companies 
entered in the National Safety Competition from 1925 to 1935, inclusive. 
Quarrying and open—cut mining involved the greatest number of fatal ac- 
cidents (23), probably because more plants from this group were entered in 
the competition than from the other groups. Anthracite and metal mines each 
had 20 fatal accidents during the period, compared to 14 fatal accidents 
for bituminous~-coal mines. Nonmetallic mines reported one fatelity. Of a 
total of 819 explosives accidents reported, 9.52 percent resulted fatally; 
1.1 percent resulted in permanent total injuries; 7.5/7 percent resulted in 
permanent partial injuries; and 861.81 percent resulted in temporary injuries. 
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Figure 1.—Frequency and severity of explosives accidents. 
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Frequency and severity of Explosives Accidents 


Figure 1 shows the frequency and severity of the explosives accidents 
that occurred during the ll-year period 1925 to 1935. Metal mining had the 
highest rate in both frequency and severity, while bituminous-coal mines. 
had the lowest rate. The high rate for metal mines may be explained by 
the fact that the exposure to explosives hazards is greater in metal min- 
ing than in any of the other groups; moreover, in metal mining the ex- 
plosives are handled largely by individuals, and usually much heavier 
charges are used at any one place, while in bituminous-coal mining a large 
percentage of the explosives is handled by only a few relatively well- 
qualified men at each mine, with the quantity of explosive much less in any 
single working place. 


Severity of Explosives Accidents by States 


Table 3 lists explosives arcidents by States, classified according to 
the severity of the accidents. Total days lost and average days lost per 
accident are also given. Days lost for deaths and permanent injuries are 
based on the scale of time losses for weighting such injuries. (See table 1.) 


In the bituminous-coal mining group, Kentucky and Wyoming had the 
greatest number of fatel explosives accidents (3 each) during this period, 
while Pennsylvania and Utah each had 2 fatal accidents. This group 
experienced a total of 14 fatal, 1 permanent total, 13 permanent partial, 
and 173 temporary injuries due to explosives during the period. The 
average days lost per temporary injury ranged from le days in Alabama and 
Washington to 168 days in Colorado. 


The anthracite mining group - all in Pennsylvenia - experienced 20 
fatal, 3 permanent total, 17 permanent partial, and 209 temporary injuries 
caused by explosives. The temporary injuries resulted in an average of 
30 days lost time. The hazards of explosives in anthracite mines are 
greater than in bituminous mines, chiefly because more of the coal is shot 
from the solid (hence heavy charges are required) and a greater propor- 
tional amount of high explosives, such as dynanite, with their inherently 
greater hazards is used. 


The metal-mining group (over a 10-year period) experienced 20 fatal, 
3 permanent total, 19 permanent partial, and 108 temporary injuries re- 
sulting from explosives accidents. Arizona reported the greatest number 
of fatal accidents (6); Oklahoma reported 3 fatelities, and Michigan, 
New Jersey, and New Mexico 2 fatalities each. The average days lost per 
temporary accident ranged from 1 day in New York to 78 days in Michigan, 
with an average for the group of 35 days. 
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The quarry and open—cut mines experienced 23 fatal, 2 permanent total, 
11 permanent partial, and 156 temporary injuries from explosives arcidents 
during the ll-year period. Pennsylvania had 6 fatalities, California and 
Kentucky 4 each, and Uteh and Washington 3 cach. The average days lost 
per temporary injury ranged from 1 day in Colorado to 139 days in New 
Jersey, with an average of 43 days per temporary injury for the group, 


The nonmetallic mining group experienced 1 fatal, 2 permanent partial, 
and 14 temporary injuries due to explosives. It is observed that in 3 of 
the 1l years this group reported only one explosives accident per year and 
reported none in two of the 11 years. The aversge time lost for temporary 
injuries ranged from 5 days in Illinois to 60 days in Ohioe 


The five groups experienced a total of 667,070 days lost time from ex- 
plosives accidents during the ll-year period. 


In considering the severity of explosives accidents, it was found that 
74 (23 percent) of those reported involved tvo or more men and that 47 men 
received fatal and 144 nonfatal injuries. The severity of quarry and open- 
cut mine explosives accidents appears to be the greatest. In 16 of these. 
multiple-injury accidents in this group, 16 men wore killed end 38 tnjured. 
The ratio for metal mining is also hish compared with that of other groups, 
probably because larger charges of explosives are used then in coal or non- 
metallic mines. These multiple accidents are given in the following table: 


Multiple-injury accidents 


Quarries 
and Non= 
onen-cut! metellic Total 
NUD e e TW OLE 
accidents .....eeece 74 
Number killed ....ee. U7 
Number injured. ..c.ee ny 
Number accidents caus 
ing fatalities ..., 0 


Causes of Explosives Accidents 


In many explosives accidents it is most difficult to determine 
definitely the cause, as the evidence of the origin is destroyed by the 
blast and frequently those involved have been killed. Hven where there are . 
survivors of the accidents, they are often of little help in determining the 
cause, as the accident occurs so suddenly they cannot tell what happened or 
prefer not to divulge whatever information they have. 


Probably the greatest cause of explosives accidents —- one not ordina- 
rily listed in reports of accidents ~ is carelessness, wisjudgment, or 
chance~taking in handling and using explosives; tnis cause is inexcusable and 
can be almost eliminated by proper education and supervision, 
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Flying material from blast. - By referring to table 4, it can be seen 


that of the explosives accidents reported in the competition, being hit by My 
dng or blasted material caused the largest percentage of all injuries 

(38.6 percent) from explosives. This hazard was more prevalent in quarry- 
ing and open-cut mining and was responsible for 115 (36 percent) of the ac- 
cidents from explosives. Bituminous-—coal mines had 81 such accidents; 
anthracite, 76; metal mines, 44; and nonmetallic mines, 1. If blasting in 
underground mines were done at the end of the shift on an off shift rather 
than during the working shift, most of the blasting accidents of this type 
would be avoided. Due to lack of natural shelter in quarries and open-cut 
mines, the hazard from flying material from blasts is much greater than in 
underground mines; however, proper protection from this hazard can be ob- 
tained by the erection of barriers end by seeing that everyone not engaged 
in the blasting operation is "in the clear." 


Some of the factors (virtually all human and subject to control) that 
couse injuries from flying blasted material are: 


1. Short fusing. 

Qe Staying too long at face when spittine. 

3- Losing light while spitting fuse. 

4, Unguarded shots and improper or no warning signals. 

5. Returning too soon after shot has deen fired or after misfire, 
6. Shot breeking through rib or face. 

7. Firing ceble too short to permit proper shelter. 


Premature shots. ~ Premature shots were the second greatest cause of 
injuries, being responsible for a total of 207 injuries (25.3 percent of 
all explosives accidents). Quarries and open-cut mining experienced 57 such 
injuries (27 percent of the total), while bituminous mines had 53, anthracite 
mines 52, metal mines 38, and nonmetallic mines &- 


Some of the factors that produce premature shots are: 


1. Short fusing. . 

2. Blectric firing due to (a) detonator legs not shorted; (b) pre- 
mature firing by power other than from battery or magneto; (c) stray currents; 
unsafe types of shot-firing batteries; unsafe use of electric batteries or 
shooting wires. 3 
| 3. Loading hole due to impact of tamping rod or friction of metal 
tamping rode 


A iation from noxious gas. Asphyxiation from fumes of explosives 
was responsible for 91 (about 1] percent) of all fatal and nonfatal in- 
juries. Sixty of these cases occurred in anthracite mines, 19 in metal 
mines, 11 in bituminous mines, and 1 in nonmetallic mines. The prevalence 
of this type of accident in anthracite and metal mines may be ascribed to the 
fact that many of these mines work inclined veins where ventilation of breasts 
and stopes is not adequate to dilute readily the gases given off by ex- a 

losivess also, in at least some cases large quantities of explosives must. 
e used with proportionally heavy concentrations of poisonous gases. In most 
of the instances reports indicated that victims returned too soon after the 
blast. 
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All industrial high explosives when detonated are likely to produce 
toxic gases such es carbon monoxide, hydrogen sulphide, or oxides of nitro- 
gen in varying amounts, depending on the class and grade of the explosive 
and the conditions under which it is stored and used. The increase in con- 
centrated mining in coal mines cften results in the use of larger quantities 
of explosives per day per working place and an urge to return to the working 
place promptly after the blast. Improved ventilation is required under these 
conditions and rules should prohibit return to the place after a blast un- 
til adequate time has elansed. 


Rounds of many holes, as in drifts, tunnels, raises, winzes, shafts, 
rock gangways, and stopes, usually have heavy charzes per hole and produce 
large volumes of toxic gases. In such work types of explosives with low 
limit of toxic gases per pound of explosive should be used, the ventilation 
should be adequate, and men should be restrained from returning to the face 
too soon after the blast. 


Misfired shots. - Accidents involving explosions of missed holes, ex- 
plosion of powder from missed hole, removing powder from missed hole, or. 
delayed shot were responsible for 70 (8.5 percent) of the explosives ac- 
cidents reported, Twenty-five of these accidents occurred in bituminous-— 
coal mines, 19 in metal mines, 12 in anthracite mines, 11 in quarries eas 
open—cut mines, and 3 in nonnetallic mines. 


Misfires can be prevented aneeay: by the selection of proper explosives, 
by using the explosives before they are unduly aged, and by careful pro- 
cedure in storing, priming, charging, and firing of the explosives. 


Although by no means foolproof, electric shot-firing offers the best 
means of reducing the number of misfires. In electric firing misfires may_ 
result from conditions outside the borchole, such as poor method of storing | 
resulting in dam or deteriorated explosives, open circuits, short circuits, 
too much resistance in firing lines, or not enough capacity at source of. | 
@lectric current, though, on the other hand, use of excessive current may 
precipitate explosions of gas or dust or both unless very carefully safe- 
guarded e 


In metal mining, rock-tunnel driving, and open-cut mining, a large 
number of holes are shot at approximately the same time, except that shots 
may be timed to go off at different intervels by the use of various lengths 
of fuse or delay electric detonators, Replacement of fuse by delay electric 
detonators by many companies has resulted in a marked reduction in the 
number of misfired holes. 


How much time should elanse before return to a misfire has long been 
a much debated question. Although most State mining laws or company rules 
provide for a time interval before men may return to a misfire, there is - 
great variation in the time limit specified. When electric detonators are 
used, at least 15 minutes should elapse before the men return to the face; 
this minimum should be increased greatly when conditions permit because of 
the possible hazards of loose roof or coal, or smoke dust and gases in the 
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alr if other holes have fired. Any misfire may prove to be a hangfire or 

a delayed blast, hence a reasonable time should elapse before return. One 
metal-mining company has established a rule that half an hour shall elapse 
from the time the last report is heard until return to the face, and when 
returning to the face it shall always be assumed that there is a missed hole 
in the face until it has been proved otherwise, A good rule is to leave a 
misfire alone for several hours before an attempt is made to handle it. 


In coal mines the method of handling misfires prescribed by most State 
mining laws is that a new hole shall be drilled about 1 foot from and parallel 
to the misfired hole, charged lightly, and blasted in the usual manner. The 
object of the blast in the new hole is to expose the charge in the misfried 
hole so that it can be recoverec; this method, however, has its own hazards, 
end the parallel hole should be drilled, loaded, and fired under most care- 
ful and experienced supervision. 


| In metal mining and tunneling, the common procedure in handling a 
misfire is to blow the tamping out with compressed air or wasn it out with 
water under pressure, then insert a new primer, and fire. Removal of the 
tamping by water is much safer than by compressed e@ix and this method should 
be used when possible. 


A misfire in a well-drill hole in a quarry or open-cut mine is a much 
more serious natter than a misfire in a coal or metal mine, end it should be 
handled only by a competent, experienced man. The usual method of handling 
a misfired well-drill hole is to remove the tamping from the hole and insert 
anew primer. In case of misfire in a deck-loaded well—drill hole, it 
probably will be necessary to remove both tamping and explosives down to the 
bottom charge. 


Misfires should be handled only by competent persons and under the. 
direction and immediate supervision of the foreman or assistant foreman. 
They should be handled preferably on theoff shift and, until they are ree 
covered, no persons should be allowed to work in or relatively close to the 
place where they are. | 


Handling, storing, destroying, and transporting explosives. - 


Accidents that occurred while explosives were handled, stored, destroyed, 

or transported resulted in 39 injuries in the five groups during the ll-year 
period, Bituminous—coal mining experienced 12, anthracite ll, quarries and 
open—-cut mines 10, and metal mines 5 accidents of this type, while non- 
metallic mines experienced 1. In general, the prevention of accidents at 
such times requires that each mine develop definite methods. Proper in- 
struction of employees regarding the methods adopted and adequate super- 
vision and discipline are highly essential; all of these phases have many 
ramifications that cannot be discussed in detail here. 


Explosions of gas or dust by blasting. ~ Thirty-six injuries caused by 


explosions. of gas or dust resulting from blasting were reported in anthra- 
cite and bituminous-—coal mines, Anthracite mines, with 19 explosions, 
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accounted for 31 of these injuries, and bituminous mines, with 5 explosions, 
for 5 injuries; black blasting nowder and dynamite were responsible for all 
of the explosions, 


The prevention of explosions of gas by explosives or any Other cause 
requires adequate ventilation to dilute ary gas liberated, proper testing 
for gas, and the use of permissible explosives in a permissible manner. 


Explosions of coal dust can be prevented by the use of permissible ex- 
plosives in a permissible way and by adequate rock—dusting and watering. 


Explosion of explosives or detonators outsidethe drill hole. - 
Thirteen explosives uccidents that resulted from explosions of explosives 
or detonators outside the drill hole were reported, Five of these were in 
anthracite mines, 3 in bituminous-coal mines, 43 in metal mines, anc 2 in 
quarries and open-cut mines. 


Accidents of this type usually result from carelessness or lack of 
systematic methods of handling explosives and detonators. They may result 
from (1) surplus explosives left after loading; (2) explosives pulled or 
blown from hole through lack of stemming and struck subsequently with pick 
or siovel; (3) rough handling; (4) use of immroner tools for opening boxes 
of explosives or for crimping blasting cans; and (5) failure to require men 
to return unused explosivese 


"Tramp" explosives or detonators are like poisonous snakes — they 
usually strike when least expected. More often than not, they badly main 
or destroy the eyesight or other parts of the body of their victims. A 
check-up system requiring written reports of all explosives used, and re- 
turn of unused explosives would prevent most accidents from this cause,. 


Nonclassificd accidents, - Forty-six explosives accidents from mis- . 
Ccellaneous causes were reported: 22 in metal mines, 11 in bituminous-coal 
mines, 7 in quarries and open-cut mines, and 3 each in anthracite and non 
metallic mines. 


The definite causes of these 46 accidents are not known, since, under 
the accident-report classification, they were classed as "all others" and 
no details of the accidents were given; therefore, these accidents are not 
discussed. | 


Nature of Injuries From Explosives Accidents 


Table 5 pa the nature of injuries caused by the explosives accidents 
roported by the five groups. Violence caused the greatest number of in- | 
juries in all of the groups. This result is to be expected, as the detonat- 
ing action of explosives is naturally violent and any person in proximity 
to an explosion is yery likely to be affected by violence. In quarries_and 

Open—cut mines, 90.6 percent of the Laer eee injuries were due to violence. 
Burn injuries were more frequent in bituminous-coel mines, while asphyxia- 
tions were more frequent in anthracite mines than in any of the other groups. 
In. 52 of the reports the nature of the injury was not indicated. 
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SUM UIARY 


1. Participation in the Natianal Safety Competition stimulates in- 
terest in accident prevention. 

2. Marked progress in the prevention of acciients has been achieved, 
as indicated by an almost constant downward course in the accident-frequency 
rates for the contest group as a hole. 

oe &bout 10 percent of all coal-mine accidents and 12 percent of all 
metal-mine accidents are caused by explosives. 

4. The severity of explosives accidents is greater than that of most 
other types of accidents. 

Oe Querries and oven-cut mines reported the greatest number of fetal 
accidents due to explosives. 

6. Metal mining had the highest rate in both frequency and severity 
of explosives accidents, while bituminous-coal mines had the lowest rate. 

7. About 23 percent of the accidents reported involved two or more men. 

8. Hit by blasted material is the greatest cause of injury from ex- 
plosives accidents. 

9. Asphyxiation from fumes of explosives was responsible for ebout ll 
percent of all fatal and nonfatsl explosives injuries. 

10. Violence caused the greatest number of injuries in all the groups. 


CONCLUSIONS 


The hazards inherent in the use of explosives are generally well known 
and rules and practices have seen devised to guard against them; yet, despite | 
a fairly vigorous and continuous educationsel campaign waged by various ageneies 
interested in the prevention of explosives accidents since about 1910, such 
accidents occur far too frequently. The more one knows about a particular 
hazard, the more respect ne should have for thet hazard; it would appear 
that there has been a failure to impress the users of explosives in the 
mining industry sufficiently with the sericusness of the hazards connected 
with the use of explosives. 


The responsibility for preventing explosives accidents rests largely 
with the mine operator. It is his duty to select the proper and safe type 
of explosive for his particular purpose, to see that the explosives’ are 
safely handled, stored, and transported from the surface to the point of use; 
the operator should rurnish adequate supervision and employ only competent 
men to handle explosives; and he should promulgate well-thought-out and 
plainly worded rules governing the handling and use of explosives and demand 
strict adherence thereto. 


The individual worker who handles explesives also has a responsibility; 
it certainly is his duty to handle and use the explosives in accordance 
with company rules and State lews. The cause of most explosives accidents, 
like other types of accidents, can be traced to carelessness or misjudgment 
on someone's part, and very frequently the victim of the accident is 
responsible through his own negligence or foolhardiness. 
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Since human weakness is a large factor in the cause of explosives ac- | 
cidents, it would follow that the logical means of preventing these accidents 
would be to eliminate the human factor as much as possible. In other words, 
the fewer the men exposed to the hazards of explosives at an operation, the 
fewer the explosives accidents that will occur. Instead of having every 
miner carry his own explosives into the mine and prepare and fire his own 
shots, one man could do this for a number of miners and thereby greatly re- 
duce the exposure to explosive hazards. 


The preparation and firing of shots during the off shift, or when every 
one else but the "shooters" or "shotefirers" is out of the mine, is the 
safest of the ordinary ways of using explosives; the next safest method is 
to have shot-firers prepare and fire shots during the shift. Very few metal 
mines employ shot-firers; however, they are employed to a large extent in 
coal mines, and probably much of the better explosives accidents record of 
bituminous-coal mines is due to the greater use of qualified shot-firers in 
bituminous—coal mines than in other kinds of mines or mining. 


In mechanized coal mining or in metal mining, where the operator 


furnishes the explosives, the employment of well-qualified shot-firers would 
not only be safer but also would be more economical and efficient. 


The greater the exposure to explosives, the greater the number of ex~ 
plosives accidents that are likely to occur. . 
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